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THE QUATERNARY GEOLOGY OF THE UPPER ASHUELOT RIVER,
LOWER COLD RIVER, AND WARREN BROOK VALLEYS OF
SOUTHWESTERN NEW HAMPSHIRE
Jack C. Ridge
Dept. of Geology, Tufts University
Medford, Massachusetts
INTRODUCTION
The Ashuelot River, Cold River and Warren Brook drainages
are a part of the westward draining tributary systems of the
Connecticut River in southwestern New Hampshire (Figure 1). The
Ashuelot River flows to the south-southwest from its headwaters
west of Lovewell Mountain and through Surry Mountain Lake and the
town of Keene before heading west and entering the Connecticut
River at Hinsdale. Warren Brook drains west from the area of
Lake Warren to Alstead where it enters the Cold River. The Cold
River flows west from its confluence with Warren Brook and enters
the Connecticut River north of Walpole. Bedrock in the region is
primarily pegmatite-bearing schist, gneiss, and granite (Robinson
and others, 1979). The lineation, foliation and gross structure
of the rocks, as well as differences in weathering and resistance
to glacial erosion, control the shape of the topography in the
ar ea .
All three drainage systems have been influenced by
glaciation, and ice-dammed lakes that provided local base level
controls. Weathering of bedrock prior to at least one glacial
advance in the region is also recorded in the Cold River and
Warren Brook valleys. The Quaternary features and events that
occurred in the three valleys are discussed below in order of
their relative ages from the oldest to the youngest. However, it
is not clear how all of the glacial units in the region fit into
regional glacial chronology.a
WEATHERED BEDROCK
Several exposures in the Warren Brook and Cold River valleys
reveal saprolite and weathered rock that are overlain by either
(glacio-?) fluvial gravel or till or are draped by sub-till
g lac io lacus t r ine sediments (Figure 2). Saprolites are generally
found in schist, while granitic gneiss may be partially weathered
beneath overlying glacial sediment. Weathering in saprolites
includes the alteration of feldspar to kaolinite and an orange-
red color produced by the formation of iron and manganese oxides.
In the Warren Brook region, depths of weathering are usually no
more than 2 meters but are known to exceed 7 meters in schist.
Evidence that saprolite weathering is not simply the result of
post-glacial groundwater alteration is that deformed and smeared,
weathered schist occurs in the base of till in the Warren Brook
area. In addition, unoxidized g lac i o lacus tr ine strata have been







Shoreline of Lake Hitchcock
Shoreline of Lake Ashuelot
Kilometers
Figure 1 - The Connecticut valley region of southwestern New
Hampshire showing the Cold River, Warren Brook and the Ashuelot
River. The shorelines of Lake Hitchcock and Lake Ashuelot are also
shown. Field trip stops are numbered.
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weathered schist that has not been colluviated. In both of these
cases bedrock was weathered prior to at least one glaciation and
lake impoundment. At Cock Hat Hill (Figure 2, Stop 7), erosion
by ice-marginal drainage appears to have taken advantage of non-
resistant saprolite in the cutting of meltwater channels. The
upward increase in weathering intensity, from unweathered to
highly altered bedrock, seen at some weathered rock localities is




Till containing deformed lacustrine beds
Outcrop belt of Warren Brook beds
O Exposure of Warren Brook beds
Till over weathered bedrock
Weathered bedrock beneath other units
Figure 2 - Exposures of the Warren Brook beds and weathered
bedrock in the Warren Brook valley between Alstead and
Forristalls Corner. Numbers indicate field trip stops. Base is
Bellows Falls (1:25,000) Quadrangle.
Other exposures of saprolite or "rotten rock" have been
reported elsewhere in New Hampshire (Goldthwait and Kruger, 1938)
and in other New England states and Quebec (LaSalle and others,
1985; J. P. Schafer, pers. com.). Because of their intensity and
depth of weathering it seems unlikely that saprolites could be
attributed to the last episode of int erg lac ia 1 weathering and
they may be as old as Tertiary (LaSalle and others, 1985) .
However, it is difficult to make the same statement about
saprolite and weathered rock in the Warren Brook valley because
weathered rock thicknesses have not been found greater than 2
meters except in easily weathered schist.
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SUB-TILL LACUSTRINE SEDIMENT (Warren Brook beds)
At five exposures in the Warren Brook and Cold River valleys
near Alstead, lacustrine sediment has been found beneath till
(Figure 2). For the sake of communication the lacustrine units
which occur beneath till in the Warren Brook area will be
referred to as the 'Warren Brook beds'. The Warren Brook beds
are entirely clastic and mostly light gray, laminated, fine sand
and silt with dropstones and occasional rippled, micaceous, and
sometimes gravelly, coarse to medium sand beds. Some sandy beds
and partings are composed entirely of brownish-orange mica and
schist fragments which appear to be derived from local weathered
bedrock. None of the units contain clay beds which probably
indicates rapid and nearly continuous deposition into the lake.
The sinusoidal trace fossils of nematode worms, common in
g lac io lacus t r ine sediments elsewhere in New England, have been
found in laminated silt and fine sand beds exposed along Warren
Brook (Stop 6). The upper parts of exposures of the Warren Brook
beds display evidence of g lac io tec tonic deformation in the form
of fractures, small thrust faults, and smearing and
homogenizat ion of beds which are truncated beneath overlying
till. Till immediately above the Warren Brook beds is sparsely
stony, very silty and contains deformed lacustrine sediment and
sheared weathered bedrock. The Warren Brook beds are silty, and
where they have not been loosened by groundwater seepage or
exfoliation, they are extremely compact as a result of overriding
ice. The Warren Brook beds are known to occur as far east as the
area of South Acworth in the Cold River valley.
For lack of an alternative mechanism of damming the Warren
Brook and Cold River valleys, the Warren Brook beds appear to
have been deposited in a short-lived proglacial lake impounded by
the advance of lobate ice in the Connecticut Valley. Supporting
evidence from the Warren Brook beds for proglacial deposition in
cold water are the exclusively clastic character of the sediment,




Numerous outcrops of quartz-bearing pegmatite and vein
quartz in schist bear grooves, striations, and crag and tails
from which late Wisconsinan ice flow can be determined.
Striations in the Connecticut Valley and adjacent uplands reflect
ice flow controlled by local topography and regional ice flow to
the southeast. Regional ice flow appears to be about South 5 to
15 degrees East and is best seen on the broad low-relief uplands
in the eastern Walpole Quadrangle (East side of Figure 3). This
pattern is repeated to the north in the Bellows Falls Quadrangle.
Ice flow in the Connecticut valley is predominantly parallel to
the trend of the valley axis and reflects the confinement of ice
by local topography. In Vermont (southwest corner of Figure 3)
ice flow is parallel to the trend of bedrock hills and is South
10 to 25 degrees West. Variations in striation directions appear






Figure 3 - Occurrence of drumlins, till benches and ice flow
indicators in the Walpole and southern Bellows Falls (1:25,000)
Quadr ang le s .
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Drumlin axes are parallel to striations on adjacent bedrock hills
and it appears that drumlin forms are the product of late
Wisconsinan ice flow. Existing striation data does not confirm
or eliminate lobate flow of ice in the Connecticut Valley. No
multiple striation localities have been found in the Walpole
Quadrangle that suggest changes in ice flow direction during
deg lac iat ion
.
GLACIAL DIAMICTON FACIES
Several glacial diamicton facies have been found in the
Connecticut valley and adjacent uplands of southwestern New
Hampshire (Table 1). (Note: 'Diamicton' is here used to indicate
any poorly sorted, matrix-supported conglomerate, regardless of
origin.) Diamicton lithologies range from sparsely stony, clayey
and silty diamictons to very stony, sandy diamictons. Diamictons
may be oxidized, stained, or non-oxidized, and may be massive,
layered, or contain sorted sediment in the form of beds or
lenses. All the diamictons contain striated and glacially shaped
clasts indicating that they are in some way related to glacial
sedimentation. Diamicton facies have been catagorized as end
members (Table 1) but variations occur within these catagories.
Gradational combinations of end-member facies have not been
recognized but continued field work will be needed to affirm that
facies are not gradational.
The wide variety of diamicton facies may be explained in
several ways. Different diamicton facies may be the result of:
1) deposition in distinct subglacial, suprag lac ia 1 , and
proglacial environments;
2) deposition during changes in the character of subglacial
environments, particularly with respect to the amount of water at
the base of the glacier in places where rates of subglacial
melting, release of englacial debris, and ice flow vary over
t ime
;
3) depositional responses to differences in provenance which
are a function of the types of bedrock and surficial deposits
that a glacier overrides; and
4) deposition during different glaciations when the
conditions listed in the items above may have varied.
The mechanisms above may have operated simultaneously which
complicates an identification of genetic types of diamictons
based on lithology. Without consistent field criteria for the
recognition of diamicton facies as either: 1) proglacial sediment
flow or pelagic rainout deposits, 2) supraglacial meltout till,
3) subglacial meltout till, or 4) lodgement till; the task of
assigning diamictons to ages or glaciations is difficult.
A review of the lithology and occurrence of multiple till
units in other parts of New England and New Hampshire, and the
possible correlation of these units with specific glaciations is
given by Koteff and Pessl (1985). A clayey and silty lower till
that is early Wisconsinan or older and a sandy upper till which
is late Wisconsinan in age have been recognized elsewhere.
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Lithologic correlation of some of the southwestern New Hampshire
diamicton facies with either the lower or upper tills elsewhere
in New England is tempting. However, in light of the preliminary
nature of investigation in southwestern New Hampshire, the degree
of variability of late Wisconsinan diamicton (due to provenance
changes), and the pausity of clear structural or s t r a t igraphic
relationships between diamictons in single outcrops, correlations
at this point seem tenuous.
DIAMICTON PROBLEMS
Several problems, that may not be unique to southwestern New
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derived from py r i t e-b ear ing bedrock, is easily oxidized and
probably plays a role in allowing subsoil oxidation of d iamic tons
and lacustrine beds.
Pro.bl.em_3.: The Identification of Small-Scale Shear Structures
Structural features at the contact between till units has
allowed the distinction between the upper and lower tills
elsewhere in New Hampshire (Kotef and Pessl, 1985).
Superposition of unoxidized over oxidized thrust blocks of the
lower till s pieces of the lower till in the upper till, and a
shear zone separating the two till units are characteristic of
the upper till/lower till contact. Large-scale structural
features, like those above, provide strong evidence of
deformation of the lower till during the deposition of the upper
till. However, the interpretation of small-scale features,
especially in sandy diamictons, as shear structures is not
straight forward. Small-scale features are important to the
identification of lodgement till versus subglacial meltout till.
Several types of sandy and silty partings, fracture fillings and
lenses may or may not be related to shearing. Alternative
explanations for some of these features may be: 1) crudely
layered palimpsest structures related to englacial debris
layering that persists after meltout, 2) intratill partings and
lenses deposited in channels or water films at the sole of a
glacier, 3) sandy partings and fracture fillings resulting from
the infilling of dewatering veins, and 4) horizontal fissility
related to exfoliation or unloading. The identification of
small-scale shear structures should be limited to features with
clear evidence of deformation or displacement.
An additional structural feature, that appears to be a
characteristic of muddy till, is a platy or blocky structure that
is frequently stained with iron-manganese oxides. The origin of
this structure is not known and it does not appear to be
fissility related to shearing which would be more horizontal. It
is not known whether the blocky structure that is common in the
lower till elsewhere in New England is related to oxidation or
staining, or whether it is characteristic of the deformation of
an older till by subsequent glaciation. It is also not known
whether the blocky structure is restricted to the lower till or
can occur in muddy diamictons of late Wisconsinan age.
DRUMLINS AND TILL BENCHES
In the Connecticut valley and adjacent hilly regions of
Vermont and New Hampshire, two types of landforms, drumlins and
till benches (Figures 3, 4 and 5), are composed of thick (up to
30 meters exposed) till. The till in both features is always
compact and muddy (facies 4, 5 and 6 of Table 1) and may be
unoxidized (facies 4) or oxidized (facies 5 and 6) in thick
exposures. Till in drumlins and lee-side till benches contain
numerous boulder and pebble lines, horizontal partings from which
soil moisture seeps, and pockets, lenses and beds of stratified
sediment (Stop 8). The clast lines and stratified sediments
(intratill beds) are believed to be the result of deposition in
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Figure 4 - Examples of drumlins in the vicinity of Walpole, N.H.
Base is Walpole (1:25,000) Quadrangle. Contour interval: 6 meters
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Drumlins are most common in north-south trending basins and
pear to be in the lee of irregular bedrock highs or other
uiumlins (Figures 4). It is not known whether the drumlins are
depositional or erosional landforms. Till in drumlins is exposed
only where stream erosion since the last glaciation has cut into
these features and it is not known whether drumlin till in the
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Ice wastage in the upper Ashuelot valley appears to follow
the overall trend of lobate ice recession in upland valleys
adjacent to the Connecticut River. A northeast-southwest
trending ice margin in the Ashuelot region is demonstrated by ice
persistence in the Ashuelot valley near Surry that is required
for the damming of lakes in ice-free portions of the Ashuelot
valley to the east. At least part of the Ashuelot valley was
ice-free when laminated lacustrine sediments were deposited at
Gilsum. Ice appears to have receded from the Ashuelot valley
east of Gilsum prior to the lowering of lake levels below 300
meters. Rapid recession and stagnation of ice in the Ashuelot
valley, and in other upland tributaries adjacent to the
Connecticut Valley, may have been facilitated by the restriction
of ice flow across uplands to the north as ice thinning occurred.
LAKE ASHUELOT
During and persisting until after ice recession in the
Ashuelot valley, a large glacial lake, Lake Ashuelot, occuppied
the valley from south of Keene to north of Surry (Figure 1).
This lake is recorded by fine-grained lacustrine sediments in
Keene and many ice-contact and inwash deltas (Fred Larson, pers.
com.). The exact position or cause of damming that formed Lake
Ashuelot is not known. Initially, damming by ice-marginal
deposits south of Keene in the Ashuelot Valley or by a
Connecticut Valley lobe may have occurred.
after the disappearance of stagnant ice north of Surry. Th
sediment in the Surry delta is probably derived primarily f
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ICE RECESSION IN THE WARREN BROOK AND LOWER COLD RIVER VALLEYS
Ice-contact deposits of the lower Cold River valley were
formed along the southeast valley wall at a northeast-southwest
trending margin of a receding ice lobe that filled the
Connecticut valley. Fine-grained lacustrine sediments and deltas
in the vicinity of South Acworth (Figure 8) provide evidence of
damming by persistent ice to the west. In the Cold River Valley
recession of ice from the south side of the valley created a
series of ice-marginal ponds and spillway channels that were not
developed on the north side of the valley (Figure 8). Meltwater
channels (Stop 7), complete with potholes, and deltaic terraces
displaying evidence of ice-contact (Stops 5 and 9), are abundant
on the south side of the valley from South Acworth to Drewsville.
West of Drewsville there is scanty evidence of ice-contact
deposition into Lake Hitchcock which extended up the Cold River
valley to Alstead and had a water plane at 150 meters (Koteff and
Larson, in press). A pausity of ice-contact Lake Hitchcock
deltas west of Drewsville could be the result of the planing-off
of ice-contact deposits to a lower elevation by later drainage in
the valley or the possibility that few ice-contact deposits were
cons true ted
.
LAKE HITCHCOCK - BASE LEVEL CONTROL IN THE COLD RIVER VALLEY
Glacial Lake Hitchcock, which formed in the wake of the
Laurentide ice sheet in the Connecticut valley as it receded from
Connecticut to northern New Hampshire and Vermont, was the
dominant post-glacial base level control in the Cold River
valley. Deltas at the mouth of the Cold River extended well down
the Connecticut valley and merged with deltas deposited out of
the Saxtons River valley in Vermont (Figure 9). Ice-contact
deltaic deposits near Drewsville have topset/foreset contacts of
at least 150 meters, while most deltaic deposits down valley have
topset/foreset contacts at elevations of about 137-139 meters
(Koteff and Larson, in press; Carl Koteff, pers. com.). Delta
tops in the lower Cold River valley are graded to lower levels of
Lake Hitchcock that probably resulted from dam erosion at Rocky
Hill, Connecticut and partial lake drainage.
Lake Hitchcock deltas with topset/foreset contacts at lower
elevations may be the result of either progradation of deltas
into a lower water body, or degradation (scalping) of originally
higher deltas by streams graded to lower water levels in the
Connecticut Valley. The second mechanism does not record delta
progradation but the modification of existing higher delta
surfaces, possibly built originally as ice-contact deltas.
Existing evidence in the Cold River valley argues for delta
progradation into a lowered level of Lake Hitchcock rather than
scalping of existing high level deltas. Evidence for delta
progradation are listed below.
1. Delta facies suggest topset/foreset deposition with a
minimal amount of foreset scalping. The upper parts of
foreset packages have a shallow water facies that would be
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Figure 8 - Ice-marginal deposits and drainage channels of the Cold
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removed by foreset scalping and some foreset beds are
continuous with slipfaces on topset channel bars.
2. No remnant delta tops, graded to Lake Hitchcock at 150
meters, have been found in the Cold River valley west of
Drewsville in a large area covered by delta tops that are
graded to a 139-meter level of Lake Hitchcock. The surfaces
of lower level deltas are flat and, except along the Cold
River, bear no evidence of inset development or dissection
in response to erosion by streams graded to lower lake
leve Is .
3. Lower level deltas have 5 to 8 meter thick topset beds that
require substantial delta progradation to accumulate. If
deltas were scalped by later river drainage, subsequent
topset aggradation could only occur if progradation at the
delta front continued after (not during) foreset scalping.
Topset beds of 8-meter thickness would require delta
progradation of at least 2.5 kilometers or more if a delta
slope of less than 3.25 m/km or 2.46 m/km prior to isostatic
tilting (17.2 ft/mile, 13 ft/mile prior to tilting) is
assumed. Therefore, significant delta progradation occurred
in the Connecticut valley after water levels of Lake
Hitchcock fell to 139 meters.
4. Varved silt and clay beds beneath the Cold River delta are
thick enough (at least 20-25 meters) to require a long
period of deposition. Given what appears to be fairly rapid
ice recession, it is unlikely that ice-contact deltas would
remain active long enough to prograde over thick
accumulations of varved sediment. Therefore, it appears
that the Cold River delta prograded at some time after the
construction of ice-contact deltas in the Cold River valley.
DRAINAGE OF LAKE HITCHCOCK AND CONNECTICUT VALLEY STREAM TERRACES
A detailed history of how Lake Hitchcock drained in the
upper Connecticut valley has not been formulated. Continuous
stable water levels for the whole Lake Hitchcock basin, below
that into which ice-contact deltas were deposited, have not been
recognized. In the Cold River valley progradation of ice-contact
deltas into Lake Hitchcock occurred at an elevation of about 150
meters (Figures 8 and 9). A large, flat-topped delta extending
for about 4 kilometers down the Cold River and Connecticut
valleys from Drewsville, appears to have been built into a stable
water level at about 137-139 meters. Lowering of Hitchcock water
levels to 139 meters may be the result of initial downcutting of
the Lake Hitchcock dam at Rocky Hill, Connecticut.
The lowest Lake Hitchcock water levels, recorded by
topse t/
f
orese t contacts in the vicinity of the Cold River, occur
at the mouth of Aldrich Brook, approximately 10 km to the south
(Figure 9). Tops e t/ for es e t contacts at this site are at about
120 meters and appear to slope down about 1-2 meters towards the
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outer margins of the delta indicating delta progradation into a
rapidly falling water body. When one accounts for post-glacial
isostatic tilting, these water levels would correspond to an
elevation of about 128 meters in the Cold River valley to the
north. River terraces, inset in the Cold River delta along the
Cold River and Great Brook, appear to be graded to this low level
lake (F igure 9) .
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FIELD TRIP ITINERARY
Assembly point is Keene State College at 8:30 A.M. PLEASE
BRING LUNCH WITH YOU BECAUSE THE TRIP WILL NOT BE CLOSE TO A
CONVENIENT PLACE TO BUY LUNCH AT LUNCH TIME. It will be
important to consolidate vehicles as much as possible in that
parking will be a problem at some stops. 7.5 x 15-minute
( 1 : 2 5 ,000-scale , metric) topographic maps: Bellows Falls (VT),
Keene, Marlborough, Stoddard, and Walpole Quadrangles. 15-minute
( 1 : 62 ,500-scale) topographic maps: Bellows Falls, Keene, Lovewell
Mountain, and Monadnock Quadrangles.
Mileage (cumulative) Trip directions
0.0 From the Keene State College meeting point proceed to Main
Street and head north toward the center of Keene.
0.1 Turn right (east) onto Water Street. Travel through town
and up hill to park where Water Street becomes Peg Shop
Road .
1.0 Stay to right on Peg Shop Road and continue up hill past
water tower. Pass Roxbury Street on left.
1.3 Turn right (east) onto Roxbury Road.
2.1 Continue down east side of hill and travel under power
lines. Turn right onto dirt road shortly after crossing
under power lines.
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S.T0P_1_: Gravel pit beneath power lines, Roxbury Road diamicton
exposure. Three superposed units (A thru C on Figure below) are
exposed in an area of hummocky topography. Unit C is interpreted
to be a supraglacial or proglacial stratified deposit with lenses
and beds of diamicton facies 1 (Table 1). Unit B is a sandy
diamicton (facies 2) of uncertain origin with a subhor izon ta
1
platey structure (unloading fissility?). The basal 0.3 m of Unit
B contains pieces or lenses of diamicton like Unit A (facies 6).
Unit A is interpreted to be lodgement till. Some critical
questions to be evaluated are:
1. Is the upper contact of Unit A indicative of shearing by
the ice that deposited Unit B, or some other process
related to a change in the character of till deposition?
2. Is the platey structure of Unit B due to shearing or is it
related to dewatering, subglacial meltout, or unloading?
3. Is the oxidation of Unit A recent or from prior to the
deposition of overlying units?
4. Could all three units be the product of a single glaciation
or is there evidence of more than one ice advance?
NORTH SOUTH
Meters
Figure for STOP 1
Road .
- Diamicton stratigraphy exposed on Roxbury
2.9 Return to vehicles and Roxbury Road and head west. Turn
left (southwest) onto Peg Hill Road.
3.25 Just beyond water tower (left), turn right onto Roxbury
Street.
3.55 After bearing left at bottom of hill turn right (north)
onto South Lincoln Street.
3.6 Turn left (west) onto Beaver Street. Cross over top of
delta deposited by drainage into Lake Ashuelot from the
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Beaver Brook valley.
3.9 Cross over Beaver Brook.
4.0 Continue on Beaver Street to Washington Street and turn
right ( north)
.
5.4 Continue north on Washington Street to Rt . 9. Turn left
onto four lane highway ( Rt . 9).
6.6 Cross over Ashuelot River. Bear right (north) 100 meters
beyond river onto Rt . 12 toward Surry.
7.9 Exit right (northeast) onto Maple Ave. towards Surry.
Proceed northeast to Rt . 12A.
8.6 At traffic light continue across intersection and join Rt.
12A toward Surry (north).
10.4 Rt . 12A travels across flat tops of deltas built into Lake
Ashuelot. Pass entrance to Surry Mountain Dam.
11.5 Pass entrance to Surry Mountain Reservoir campground and
recreation area.
12.6 Pass Crain Road which leads to town of Surry (village to
east) that sits on top of Surry delta that was built into
Lake Ashue lot
12.9 Turn right (east) onto dirt road that leads to gravel pits
in Surry delta.
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Return to Rt . 12A from gravel pits and head north.
Pass by foot bridge over Ashuelot River. Terrace across
river is a bouldery fluvial terrace graded to the surface
of the Surry delta down valley.
16.0 Turn right (east) at Shaws Corner onto Gilsum Road.
16.2 Terrace across the Ashuelot River at this point is the
bouldery gravel river terrace graded to the Surry delta.
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16.4 Road follows the coarse of the Ashuelot River. Bedrock is
exposed on the south valley wall while thick till benches
crop out along the north side of the Ashuelot River.
Alluvial fan on the north side of the road at this point is
continuous with the surface of the terrace that is graded
to the Surry delta and the fan is formed primarily from
dissected till of benches to the north.
17.3 Pass the mouth of Cannon Brook. Thick till benches occur
in this area in the lee of Bald Hill.
17.8 Road departs Ashuelot River and parallels Dart Brook which
drains the upland to the north. The Ashuelot River crosses
the basin of Hammond Hollow that is filled with deltas
deposited in a lake dammed by ice to the west during ice
recession. The south end of Hammond Hollow is filled with
ice stagnation deposits and a sandy late Wisconsinan
diamicton. River terraces in the valley are graded to the
Surry delta.
18.2 Turn right at Roundys Corner.
19.0 Road crosses the surface of the highest delta in the
Hammond Hollow basin. VERY SHARP left turn descends to the
Ashuelot River through thick till of a till bench.
19.2 Pass bridge to Hammond Hollow.
19.9 Steep bank on left exposes till in benches that occur on
the lee side of the bedrock upland to the north. Below
road to the right the Ashuelot River passes over a series
of rap id s .
20.0 Pass over the Ashuelot River. Rapids below to the right
(west). Turn left onto Rt. 10 toward Gilsum.
20.4 Laminated silt and clay are exposed along west bank of
Ashuelot River at north end of bridge.
20.6 Town of Gilsum. Pass by road that leads through center of
town. Laminated silt and clay are exposed along the east
bank of the Ashuelot River at this point.
21.0 Cross over Ashuelot River again.
22.0 Pull into gravel pit on north side (left) of Rt . 10.
STOP_3_: Gravel pits in deltas east of Gilsum. Exposures reveal
the interior of a large ice-contact deposit that prograded from
ice to the east in the Ashuelot Valley. Steeply dipping pebble
and cobble gravel and coarse sand foreset beds on the north side
of Rt . 10 show evidence of ice-contact in the form of collapse
faults and were formed either on a prograding delta front or a
subaqueous fan. On the south side of Rt . 10, fine to medium sand
bottomset beds are truncated along an unconformity overlain by
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fluvial pebble gravel. Deposition of coarse foresets was
probably into a lake that drained at the spillway at Bingham Hill
(Stop 4; Figure 6A) or some higher spillway. Later downcutting
of subaqueous beds and deposition of fluvial gravels probably
occurred when ice recession to the west allowed Ashuelot valley
lakes to drain over the col at Lily Pond on Surry Mountain
(Figure 6B).
24.1 Back track on Rt . 10 through Gilsum to the point where the
field trip first encountered Rt . 10 southwest of Gilsum.
Continue on Rt. 10 (south).
25.1 Follow Rt. 10 south to top of hill. Pull into parking area
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26.8 Return to Rt . 10 and head back toward Gilsum (north). At
the town of Gilsum turn left (north) toward center of town.
26.9 Pass by the monument in the center of Gilsum that is
decorated with pegmatite minerals including some large
green beryl crystals. The uplands surrounding Gilsum are
known to mineral collectors for their pegmatite mines which
have been inactive since the 1950's. Gilsum is also the
site of the "Rock Swap" which is an annual meeting of
mineral collectors. If you need to purchase food for
lunch, the Gilsum store across the street from the monument
will be your last opportunity. The caravan will continue
north to the lunch stop at Kidders Pond which is an
abandoned pegmatite mine.
27.5 Continue north on road through Gilsum. Pass rotten schist
outcrop on the left (west) near top of hill.
28.2 Pass large swamp on left. The upland area north of Gilsum
is underlain by pegmatite-bearing schist and is almost
entirely barren of glacial sediment. Striations are not
preserved on the schist but occur on almost every outcrop
of pegmatite which usually contains large quartz grains
that preserve striations.
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28.8 Pass old mine shaft on left (west). Most dirt roads in the
area lead to pegmatite mines in the adjacent hills.
29.4 Just before sharp bend to left turn right (east) onto dirt
road (Easy to miss!) made of white feldspar fragments that
leads to an old tipple on Kidders Pond.
LUNCH STOP: Head 0.4 miles east to east side of Kidders Pond.
Gem quality aquamarine crystals have been found at the southwest
corner of the pond. After lunch go back to main road and turn
right (north) towards Lake Warren.
30.7
32.5
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Turn left (west) at intersection with Rt . 123 at town of
East Alstead. Overlook of Lake Warren to the west.
33.2 Pass Old Settlers Road which comes into Rt . 123 from the
right ( north) .
33.6 Cross over Warren Brook at old mill. Continue west on
Rt.123.
35.3 Cross over Forristal Road at north end of swamp. Diamicton
exposure to west on Forristal Road is a very sparsely
stony, silty till (facies 5) that appears to be composed of
reworked lake sediment and is in the base of a till bench.
Rt . 123 follows Warren Brook from this point on and along
the road are many exposures of thick diamicton.
36.6 Rt . 123 merges with Rt . 12A which comes in from the left
( south) •
37.1 Pull over to right (north side) of Rt . 123-12A at large
bluff exposure on Warren Brook.
o l i. c d m i e v t: j. , uexuw s luiupeu uiaiei icii au luc w c o u c jl h cuu \j ±.
outcrop area, the Warren Brook beds are sometimes exposed. The
upper contact of the Warren Brook beds is not exposed at this
stop but it will be seen at Stop 6. Early post-glacial erosion





Figure for Stop 5 - Large bluff section on Warren Brook.
Unit A 10 meters, bouldery to pebbly, steeply-dipping
gravel beds. Deltaic foreset beds.
Unit B 12.5 meters, fining downwards from massive flat
beds of coarse to medium sand to laminated and
rippled, fine to medium sand with occasional
clayey silt beds. Deltaic bottomset beds.
Unit C 3 meters, laminated fine sand to dark gray silty
clay beds. Soft sediment deformation. Lake botom
sed imen t s
.
Unit D 3.5 meters, crudely layered dark gray diamicton
(facies 3) with lenses of sand and clayey silt and
pebble concentrations. Load deformation.
Subaqueous sediment flow or pelagic rainout
deposits .
Unit E 12-14 meters, compact, fissile, dark gray silty
diamicton (facies 4). Lodgement till.
about 10 meters concealed
Unit F 7 meters, laminated, medium to light gray fine
sand and silt. Warren Brook beds. Lake bottom
s ed imen t s
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was downcut prior to the aggradation of bouldery gravel that
forms a terrace (east end of outcrop) graded to deltas of Lake
Hitchcock .
37.4
Figure for Stops 5 thru 7 - Location of stops.
Bellows Falls (1:25,000) Quad.
Base is
Return to vehicles and proceed west to the junction of
Rt.l23A. Turn right (north) onto Rt . 123A. Pass over
Warren Brook and immediately turn right (east) up the small
dirt road leading into pasture along north bank of Warren
Brook
.
S.T_0_P__6.: Small bluff on Warren Brook (see figure on following
page). Beneath bouldery gravel, that caps the terrace-like
surface north of Warren Brook, is till (facies 5) overlying silt
and sand of the Warren Brook beds. The top of the Warren Brook
beds are deformed by overriding ice and the till contains sheared
lake sediment and deformed weathered bedrock. The Warren Brook
beds drape over colluviated schist which in turn lies over an
outcrop of weathered, non-c ol luvia ted schist. The exposure
records the proglacial damming of a lake in the Warren Brook
valley as a glacier advanced southward in the Connecticut valley.
WALK Do not reboard the vehicles. Walk back out to Rt . 123A and
across Warren Brook to the south side of Rt. 123.
Congregate north of Cock Hat Hill on Rt . 123. Follow trail
through woods onto terrace at the beginning of a meltwater






















Figure for Stop 6 - Small bluff section on Warren Brook.
S_TOP_Z.: Cock Hat Hill meltwater channel and fluvial gravel over
saprolite. The terrace at the entrance to the meltwater channel
is composed of bouldery gravel and is graded to the deltas of
Lake Hitchcock. The north side of Cock Hat Hill has 15-meter
exposures of till (facies 5) which is actively slumping onto the
terrace below. Walk through the meltwater channel which swings
south of Cock Hat Hill and enters the Cold River valley again at
a series of potholes cut in gneiss. The channel was probably cut
as meltwater (subglacial or ice-marginal?) made its way along the
south valley wall of the Cold River valley. The channel was
abandoned upon ice recession and reactivated as terraces aggraded
behind Lake Hitchcock deltas reached the elevation of the channel
mouth. The north face of Cock Hat Hill exposes about 20 meters
of till down to the channel level but bedrock is exposed on the
south side of Cock Hat Hill up to 10 meters above the channel
floor. Schist is exposed along the entire valley wall across
from Cock Hat Hill and it is suspected that the entire channel
floor is underlain by bedrock.
After viewing the potholes west of Cock Hat Hill proceed
across the field to Rts. 123-12A and walk east along the highway.
CAREFUL! - Traffic is dangerous at this point. Along the highway
is an exposure of 4 meters of bouldery gravel over 5-6 meters of
schist saprolite. The gravel is a continuation of the terrace at
the entrance to the meltwater channel and capping the small bluff
exposure on Warren Brook (Stop 6). Meltwater that drained around
Cock Hat Hill may have taken advantage of saprolite in cutting
the meltwater channel. It is suspected that till, like that
exposed on the north flank of Cock Hat Hill, or the Warren Brook
204
beds were originally overlying the saprolite prior to fluvial
downcutting and later terrace aggradation behind Lake Hitchcock
deltas.
38.0 Return to vehicles and head back to Rts. 123-12A. Turn
right (west) onto Rt . 123 toward the town of Alstead.
Center of the town of Alstead. Turn left (south) onto Hill
Road .
38.5 Off to the right (west) are several levels of Lake
Hitchcock deltas that fill the Cold River valley.
39.3 Road crosses over Darby Brook. Stop 8 is bluff visible on
bank dead ahead to the east.
39.6 Continue south on Hill Road to intersection with Mill Road.
Make a 180-degree left towards Cook Hill Farm.
39.8 Stop at side of road near house on bluff.
Figure for Stops 8 thru 10 - Location of stops. Base is
Bellows Falls (1:25,000) Quadrangle.
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ST0P_8_: Bluff exposure west of Cook Hill Farm Road. Darby Brook
has undercut a till bench formed in the lee of Cook Hill. (Tall
tales till tails tell!)




( 1 imi t of
exposure)
Dark olive gray (oxidized) pebbly diamicton with a
clayey silt matrix (facies 5). Lodgement till.
Laminated fine to medium sand and silty clay beds
that contain abundant dropstones and non-lithif ied
drop sediment ('drop clots'). Intratill
stratified deposit ( subg lac ial? )
.
Dark olive gray (oxidized) pebbly diamicton with a
clayey silt matrix (facies 5). Extremely compact,





















me t er s of
exposure above is typical of till benches that contain
stratified deposits. About 100-200 meters north of
at the same depth below the top of the till bench as
a gully exposure reveals an intratill deposit. At the
sure the intratill deposit is a very crudely stratified
el composed of abundant angular schist blocks derived
edrock of Cook Hill and fewer exotic lithologies than
he surrounding diamictons. The gravelly pocket of
sediment is believed to be a mass movement deposit and
e correlative of the fine-grained stratified deposits
ter well drilled at the house at Stop 8 penetrated 75
(240 feet) of surficial material before hitting
Bercause bedrock is exposed along Darby Brook, about 50
feet) below the house at Stop 8, it is suspected that
well penetrated either a buried valley or as much as 2 5
saprolite beneath the till bench.
40.0 Return to Mill Road at the base of Cook Hill and turn
right. Continue west on Mill Road.
40.2 Top of hill on Mill Road. Mill Road sits on a till bench
formed on the north side of a hill. View back to the right
from top of the hill is of the bluff exposure at Stop 8 and
the till bench south of Cook Hill. Continue west.
40.5 Pull over to side of Mill Road at base of hill near large
farm. Walk to sand and gravel pits south of road in
pas tur e
.
S_T0P_2.: Small gravel pits on Mill Road. Exposed are deltaic and
lake-bottom sediments that were deposited in a small proglacial
pond trapped against the south side of the Cold River valley
(Deposits B on Figure 8). Deposits of this type are common on
the south valley wall from Drewsville northeast to South Acworth.
40.8 Return to vehicles and continue west. Turn right at
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intersection.
41.1 Cross Darby Brook and turn left into dirt road immediately
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Return to Mill Road and turn right (west) towards
Drewsville. Intersection is at level of a deltaic terrace
deposited in another ice-dammed pond above the level of
Lake Hitchcock (Deposit C on Figure 8). Mill Road to the
west traverses several levels of terraces graded to
different levels of Lake Hitchcock.
42.4 Center of Drewsville. Merge with Rt . 123 and continue west
on Rt. 123. Just after merging with Rt . 123, road
overlooks terrace surface to right graded to what is








Rt . 123 crosses onto top of Cold River delta which is
graded to a level of lake Hitchcock at about 137-139
meters. Up-valley many ice-contact deposits were trimmed
by later drainage to this base level. Continue west on Rt
.
123.
Turn left (south) at T-intersec t ion at bottom of hill after
descending from the top of the Hitchcock delta. Road now
crosses the top of the gravelly Westminster terrace which
was cut by post-Hitchcock drainage in the Connecticut
valley
.
Intersection with Rt . 12.
towards Walpole.
Turn left (south) on to Rt . 12
Pass exit on left to Walpole.
Pass Rt. 123 bridge to Westminster Station, Vt . (Closed for
cons true t ion
•
50.0 Cross over ravine of Great Brook.
51.3 Cross over ravine of Houghton Brook
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